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RESULTS OF THE 1997 NMFS BERING SEA CRAB SURVEY
EXECUTIVE SUMMARY

This section summarizes data presented in the Report to Industry on the 1997 Eastern Bering
Sea Trawl Survey. Numbers presented are trawl survey indices of population level and do
not necessarily represent absolute abundance. For further information, contact Dr. Robert S.
Otto or Dr. Bradley G. Stevens, NMFS, P.O. Box 1638, Kodiak, AK 99615. Phone (907) 487-
5961. (GHL = Guideline Harvest Level.)

Red king crab (Paralithodes camtschaticus) Bristol Bay.
Legal males: 9.3 million crabs; 66% increase.
Pre-recruits: 8.9 million crabs; 154% increase.
Large Females: 24.9 million crabs: 109% increase.
Outlook: Increased abundance of legal males is within the error of the survey

and is probably not due to recruitment. The Alaska Department of
Fish and Game estimated abundance at 5.9 million legal males; for
this reason the GHL was set at an intermediate level, with an exploita-
tion rate of 10 %. However, abundance of prerecruits has increased
due to growth of a strong year class which should start to reach legal
size in 1998 and result in a significantly increased fishery in 1999.

GHL: 7.0 million lbs (3,180 metric tons, mt). Fishery opened November 1.

Red king crab (P. camtschaticus) Pribilof District
Legal males: 1.1 million crabs; 149% increase.
Pre-recruits: 0.6 million crabs.
Large Females: 1.0 million crabs; 11 % increase
Outlook: Legal and pre-recruit male crab are concentrated at few stations, and

index has very low precision. Females and small males are poorly
estimated. The series of both survey and fishery data indicate a long-
term population decline. Historically, red king crab are relatively rare
in the Pribilof Islands and are usually harvested as incidental catch in
the blue king crab fishery.

GHL: Fishery combined with blue king crab in 1997.

Pribilof Islands blue king crab (P. platypus) Pribilof District.
Legal males: 0.8 million crabs; 32% decrease
Pre-recruits: 0.4 million crabs; 52% decrease.
Large Females: 2.5 million crabs; 46% decrease.
Outlook: Population is low and trends are not easily detectable.
GHL: 1.5 million lbs (681 mt) of red and blue king crabs (see above).
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St. Matthew blue king crab (P. platypus) Northern District.
Legal males: 3.9 million crabs; 16% increase.
Pre-recruits: 2.3 million crabs; 15% increase.
Large Females: Not well estimated.
Outlook: Population is above average levels. Rocky grounds preclude survey-

ing important portions of the habitat, and abundance estimates may be
affected by annual changes in the portion of the stock available to the
survey.

GHL: 5.0 million lbs (2,270 mt).

Tanner crab (Chionoecetes bairdi) Eastern District.
Legal males: 3.4 million crabs; 63% decrease.
Pre-recruits: 9.1 million crabs; 61% decrease.
Large Females: 10.0 million crab ; 64% decrease.
Outlook: Population still declining, and little sign of recruitment is apparent.

This year's estimate of legal males is the second lowest, and large
females is the lowest, in the history of the survey.

GHL: Fishery did not open in 1997.

Snow crab (C. opilio) All districts combined.
Large males: 306 million crabs; 78% increase.
Small males: 1491 million crab; 45% decrease.
Large Females: 1383 million crab; no change.
Outlook: Abundance of large males is increasing due to growth of a large cohort

of small crabs, as expected. This population should remain stable or
increase next year. Decline of small crab may indicate poor long-term
recruitment.

GHL: 234 million lbs (106,142 mt) including the new 8.2 million lbs (3,719
mt) community development quota. Fishery opened January 15, 1998.

Hair crab (Erimacrus isenbeckii)
Total males: 5.9 million crabs; 30% decrease.
Large Females: Not well estimated.
Outlook: Population is declining from a recently high level. Recruitment trends

are not apparent.
GHL: 0.8 million lbs (364 mt) Pribilof District only. Fishery opened Novem-

ber 1, 1997.
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The National Marine Fisheries Service
(NMFS) conducts an annual trawl survey in
the eastern Bering Sea (EBS) to determine the
distribution and abundance of crab and
groundfish resources. This report summa-
rizes survey results for commercially impor-
tant crabs. It is intended to aid the fishing
industry in locating productive grounds and
judging overall availability of various spe-
cies. Survey-derived data are also used as
part of the basis for management decisions.
Results are presented for red king crab
(Paralithodes camtschaticus), blue king crab (P.
platypus), hair crab (Erimacrus isenbeckii), Tan-
ner crab (Chionoecetes bairdi) and snow crab (C.
opilio). Information on groundfish resources
is available from the Alaska Fisheries Science
Center, 7600 SandPointWayNE, BINC15700,
Seattle, Washington 98115.

Landing statistics for 1997 are preliminary
data obtained from theAlaskaDepartment of
Fish and Game (Skip Gish, ADF&G, Dutch
Harbor, personal communication). Those
needing final statistics should contact ADF&G
directly.

Survey Area and Methods

The 1997 EBS crab survey consisted of 376
successful bottom trawl tows and covered an
area of approximately 139,200 square nauti-
cal miles (nmi). This year�s survey area (Fig.
1) was nearly identical to that of 1996. The
survey was conducted aboard two chartered
vessels, the F/V Aldebaran and F/V Arcturus,
between June 7 and July 26. The same ves-
sels have been used since 1993. Methodol-
ogy was identical to that of previous surveys
and most tows were made at the centers of
squares defined by a 20x20 nmi (37 km) grid.
Near St.Matthew Island and the Pribilofs, ad-
ditional tows were made at the corners of
squares.

Both vessels fished an eastern otter trawl

with an 83 ft (25.3 m) headrope and a 112 ft
(34.1 m) footrope. This has been the standard
trawl since 1982. Each towwas one-half hour
in duration; average lengthwas 1.49 nmi (2.76
km). Crabs were sorted by species and sex,
and then a sample of crabs was measured (to
the nearest millimeter) to provide a size-fre-
quency distribution. Crab sizes are reported
as carapace width (cw) for Tanner and snow
crabs, and carapace length (cl) for all others.
Procedures for estimating abundance were
similar to previous years (AppendixA). Note
that population estimates are indexes and are
most precise for large crabs; however, they
may not represent absolute abundance and
are least precise for females and small crab
due to variance in crab behavior and net per-
formance.

Because of differences in the length of each
tow, catches presented in accompanying
charts and tables are standardized to the
nearest whole number of crab caught per
square nmi. Where more than one tow was
made in a square (including corner tows),
charts indicate average crab density for all
tows. Tables 7-11 present data for all tows
where each species was caught, without av-
eraging. It is advisable to cross-reference
charts and tables.
The following abbreviations are used in the

text: (in) inches, (m) meters, (km) kilometers,
(mm)millimeters, (fm) fathoms, (lbs) pounds,
(°C) degrees Celsius, (nmi) nautical miles, (cl)
carapace length, and (cw) carapace width.
Terminology for shell condition categories is
explained in Appendix B.

Distribution andAbundance of Crab Stocks

Bristol Bay Red King Crab
(P. camtschaticus)

Legal-sized (≥ 6.5 in cw or 135 mm cl) male
crabswere concentrated in central Bristol Bay
(Chart 1 and Table 7). The abundance index

THE 1997 EASTERN BERING SEA SURVEY
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Red King Crab
Bristol Bay Statistical Area

FIGURE 2. U.S. landings in millions of pounds, CPUE as crabs/pot, and abundance of legal red king crab(P.
camtschaticus) in millions in Bristol Bay, estimated fromNMFS trawl surveys (abundance data in-
clude the Pribilof District prior to 1983).

of legal male red king crabs in the Bristol Bay
District (south of 58o39�N and east of 168oW)
was 9.3million crabs (Table 1 and Fig. 2). The
estimate represents a 66% increase from last
year but is still below the 27-year average
(14.2 million). Most of this increase consisted
of large crabs so it probably represents esti-
mation error in this year or last rather than
recruitment. Pre-recruit crab (110-134mm cl)
showed an increase of 156% to 8.9 million.
Abundance of small males increased by 57%.
A mode observed at a mean size of 75 mm in
1995 (Fig. 3) and 88mm in 1996 grew to about
102 mm in 1997. The fishable stock is still
low, butwill probably increase in 1998 as pre-
recruits grow and recruit to the fishery. Less
than 1% of legal male crabs were in molting
or soft-shell condition, and 67% were
newshell crabs (Appendix B).

The abundance index for large (≥ 90 mm
cl) females in Bristol Bay was 24.9 million
crabs. This was an increase of 109% relative

to 1996. The size-frequency of females
showed a recruitment pattern similar tomales
but almost all are now mature. In June, 14%
of sampled mature females were molting or
soft-shell (vs. 21% last year). Among sampled
mature females, the proportion which had
molted and extruded new, uneyed eggs was
91% compared with 98% last year. Fluctua-
tions in the timing ofmolting,mating, and em-
bryo extrusionmay be related to annual varia-
tions in water temperature.
The length-based assessment (LBA)model,

developed by ADF&G, was fitted to the sur-
vey time series in order to evaluate the abun-
dance ofmature females relative to the thresh-
old and to establish aGHL (ADF&GRegional
Information Report 5596-12). ADF&G evalu-
ations using the LBA model gave values of
23.7 million mature ( ≥ 90 mm cl) females and
10.5 million mature males (≥ 120 mm cl). The
newAlaska Board of Fisheries policy requires
a harvest rate of 10% of mature males (> 119

5



Red King Crab Length Frequency
Bristol Bay

FIGURE 3. Size-frequency of male red king crab (P. camtschaticus) by 5 mm length
classes, 1995-1997.
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TABLE 1. Annual abundance estimates (millions of crabs) for red king crab (P.
camtschaticus) from NMFS surveys. Bristol Bay and Pribilof Districts are com-
bined except where noted.

                  Males Females

Small Pre-rec Legal Small Large

Size1 (mm)      <110     110-134   > l35           <90     > 90            Grand
Width(in)      <5.2     5.2-6.5   > 6.5   Total     <4.3    > 4.3   Total Total

 1975           84.9      31.7     21.0   137.6    70.8    58.9   129.7     267.3
 1976           70.2      49.3     32.7   152.2    35.9    71.8   107.7     259.9
 1977           80.2      63.9     37.6   181.7    33.5   150.1   183.6     365.3
 1978           62.9      47.9     46.6   157.4    38.2   128.4   166.6     324.0
 1979           48.1      37.2     43.9   129.2    45.1   110.9   156.0     285.2
 1980           56.8      23.9     36.1   116.8    44.8    67.6   112.5     229.3
 1981           56.6      18.4     11.3    86.3    36.3    67.3   103.6     189.9
 1982          107.2      17.4      4.7   129.3    77.2    54.8   132.0     261.3
 1983           43.3      10.4      1.5    55.2    24.3     9.7    34.0      89.2
 1984           81.8      12.6      3.1    97.6    57.6    17.6    75.1     172.7
 1985           13.7      10.1      2.5    26.3     6.9     6.8    13.7      40.0
 1986           11.8      12.3      5.9    30.1     4.5     5.4     9.8      39.9
 1987           20.1      12.6      7.9    40.6    16.8    18.3    35.1      75.7
 1988            8.5       6.4      6.4    21.3     2.7    15.7    18.4      39.7
 1989            8.6       9.4     11.9    29.9     4.4    16.9    21.2      51.1
 1990            8.2      10.2      9.2    27.6     7.2    17.5    24.7      52.2
 1991            8.1       6.4     12.0    26.5     4.7    12.6    17.4      43.9
 1992            7.0       5.5      5.8    18.3     2.2    13.4    15.6      33.9
 1993            5.7   10.2 9.8  25.7     2.5    19.2  21.7      47.4
 1994      6.2       6.7      7.5    20.4     3.4    10.1    13.5      33.9
 1995            9.7       6.0      8.9    24.6     4.9    10.4    15.3      33.9
 1996           17.2       3.5      6.0    26.7    13.7    12.9    26.6      53.3
 1997 (B) 2       26.7       8.9      9.3    44.9     1.7    24.9    26.6      71.5
      (P)        0.8       0.6      1.1     2.6     0.0     1.0     1.1       3.6

 Limits 3

 Lower           2.4       4.1      5.1    15.7     0.1     4.5     4.5      20.2
 Upper          51.0      13.8     13.4    74.1     3.4    45.3    48.7     122.8
 ±%             91        54       45      65      97      82      83        72

1 Carapace length (mm).
2 Separate estimates given for Bristol Bay (B) and Pribilofs (P) Districts.
3 Mean ± 2 standard errors formost recent year; Bristol Bay only.
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FIGURE 4. U.S. landings in millions of pounds, CPUE as crabs/pot, and abundance of legal blue king crab (P.
platypus) inmillions in the Pribilof District, estimated fromNMFS trawl surveys.

Blue King Crab
PribilofDistrict

mm cw) under current stock conditions,
which resulted in a GHL of 7.0 million lbs
(3,180 mt) based on 1.05 million crabs at an
average weight of 6.67 lbs.

The 1997 fishery was opened on Novem-
ber 1 with a GHL of 7.0 million pounds. The
1997 fishery lasted 4 days and produced 8.8
million lbs landed by 256 vesselswith aCPUE
of 14.5 crab/pot-lift.

Pribilof Islands Red King Crab
(P. camtschaticus)

In the Pribilof District (south of 58o 39�N
andwest of 168o W), the abundance index for
legal male red king crab was 1.14 million
crabs, an increase of 149% from last year�s 0.45
million crabs. The index for large females
increased 11%. In previous years male crab
were highly concentrated at one station (G21),
which resulted in additional sampling. In
1997, no such �hot spot� was found. A com-
bined fishery for red and blue king crab in

the Pribilof District opened September 15
with a GHL of 1.5 million lbs of both spe-
cies. Landings in 1997 were 0.8 million lbs
of red king crabwith a CPUE of 3.1 crab/pot-
lift.

Historically, red king crab have not been
abundant in the Pribilof Islands and landings
were taken incidentally during the blue king
crab fishery. Red king crab were relatively
abundant from1992 to 1995 but are apparently
returning to historical levels.

Pribilof Islands Blue King Crab
(P. platypus)
Legal (≥ 6.5 in cw or 135mm cl) males were

found primarily north and east of St. Paul Is-
land (Chart 2 and Table 8). The abun-
dance index for legal males was 0.8 million
crabs (Table 2 and Fig. 4), a 32%decrease from
1996, and is well below the 23-year average
(2.3 million). The index of pre-recruits (110-
134 mm cl) also decreased 52% and the abun-

8



Blue King Crab
NorthernDistrict

FIGURE 6. U.S. landings in millions of pounds, CPUE as crabs/pot, and the abundance of legal blue king crabs
(P. platypus) inmillions in theNorthernDistrict (St. Matthew Island), estimated fromNMFS trawl
surveys.

dance of small males (<110 mm cl), showed
a 6% decrease. Size-frequency data (Fig. 5)
show decreases in all sizes of crab. Shell con-
ditions among legal males were 12% soft or
molting, 41% new-hardshells, and 47%
oldshells, indicating that crabs had molted
recently.
The abundance index for large (≥90 mm cl)

females showed a 46% decrease from last
year. However, estimates of female abun-
dance are usually very imprecise due to the
preference of such crab for rockyhabitatwhich
is not sampled well by trawls. Among
sampled mature females, 36% were new
hardshells, of which 98% carried new eggs,
and 53% were oldshells, of which all carried
empty embryo cases. Only one female car-
ried a clutch of eyed eggs. Five percent of
mature females had soft shells. Blue king crab
are predominantly biennial spawners. Only
a portion of the female population spawns in
a given year,while the remainder is in the non-

embryo-bearing phase.
This fishery was closed from 1987 through

1994 due to low stock abundance but was re-
opened in 1995 with a combined GHL for red
and blue king crab. In 1997, the combined
GHL was 1.5 million lbs and landings were
1.3 million lbs including 0.5 million lbs of
blue king crab. CPUE was 2.4 blue king
crab/pot-lift. Declining GHLs reflect declin-
ing trends in stock abundance for both spe-
cies.

St. Matthew Island Blue King Crab
(P. platypus)

Legal (≥ 5.5 in cw or 120 mm cl) males
were captured primarily southwest of St.
Matthew Island (Chart 2 and Table 8). The
abundance index for legal males was 3.9 mil-
lion crabs (Table 3 and Fig. 6), representing a
16% increase from last year. The abundance
of pre-recruits (105-119 mm cl) showed a
15% increase. The distribution of size-fre-

9



Blue King Crab Length Frequency
PribilofDistrict

FIGURE 5. Size-frequency of Pribilof District male blue king crab (P. platypus), by 5 mm
length classes, 1995-1997.
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TABLE 2. Annual abundance estimates (millions of crabs) for blue king crab (P. platypus)
in the Pribilof District from NMFS surveys.

                                                                   Pribilof District

Males Females

Small Pre-rec Legal Small Large

Size1(mm)      <110     110-134   > l35            <90     > 90      Grand
Width(in)    <5.2     5.2-6.5   > 6.5   Total     <4.3    > 4.3    Total Total

 1974         4.4       3.1      1.9     9.4     0.6    10.9     11.5       20.9
 1975         4.1       8.0      7.5    19.6     0.0     8.8      8.8       28.4
 1976        10.3       2.1      3.9    16.3     0.4    17.7     18.1       34.4
 1977         3.2       2.2      9.4    14.8     2.2    17.5     19.7       34.5
 1978         1.2       5.8      4.3    11.3     0.3    35.5     35.8       47.1
 1979         6.4       1.5      4.6    12.5     5.2     2.9      8.1       20.6
 1980         1.9       1.4      4.2     7.5     0.8   101.9    102.7 2      110.2
 1981         4.8       1.4      4.2    10.4     3.4    11.6     15.0       25.4
 1982         1.2       0.7      2.2     4.1     0.7     8.6      9.3       13.4
 1983         0.6       0.8      1.3     2.8     0.2     9.2      9.4       12.2
 1984         0.5       0.3      0.6     1.3     0.3     3.1      3.4        4.7
 1985         0.06      0.16     0.32    0.54    0.18    0.52     0.70      1.24
 1986         0.02      0.02     0.43    0.46    0.04    1.86     1.89      2.35
 1987         0.57      0.08     0.73    1.38    0.39    0.58     0.97      2.35
 1988         1.10      0.0      0.20    1.29    0.77    0.43     1.20      2.49
 1989         3.22      0.10     0.22    3.54    2.29    1.28     3.57      7.11
 1990         1.84      1.24     0.41    3.48    1.82    2.66     4.48      7.96
 1991         1.32      1.03     1.01    3.36    0.56    2.81     3.37      6.73
 1992         1.57      1.17     1.02    3.76    1.31    2.05     3.36      7.11
 1993         0.97      0.83     0.98    2.78    0.33    2.17     2.50      5.28
 1994   0.30 0.51    0.76    1.57    0.06    4.28     4.34      5.90
 1995         0.79      1.16     2.00    3.95    0.44    4.02     4.47      8.42
 1996         0.33      0.74     1.21    2.28    0.08    4.63     4.71      6.99
 1997   0.33      0.35     0.82    1.50    0.08    2.48     2.55      4.05

 Limits 3

 Lower        0.0       0.0      0.4     0.5      0.0    0.5      0.6       1.1
 Upper        0.6       0.7      1.3     2.5      0.2    4.4      4.5       7.0
 ±%          98        86       54      65      135     78       76        72

1   Carapace length (mm).
2   Female estimates considered unreliable in 1980.
3    Mean ± 2 standard errors formost recent year.
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Blue King Crab Length Frequency
NorthernDistrict

FIGURE 7. Size-frequency of Northern District (St. Matthew Island) male blue king crab (P.
platypus), by 5 mm length classes, 1995-1997.
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TABLE 3. Annual abundance estimates (millions of crabs) for blue king crab (P. platypus)
in the Northern District (St. Matthew Island) from NMFS surveys.

                                                                  Northern District

Males Females

Small Pre-rec Legal Small Large

Size1(mm)     <105      105-119   > l20            <80      > 80     Grand
Width(in)      <4.3     4.3-5.5   > 5.5   Total      <3.8    > 3.8     Total Total

1978         5.6       2.4      1.8     9.8       0.8      0.4     1.2      11.0
1979         4.9       2.3      2.2     9.4       1.7      0.9     2.6      12.0
1980         3.4       2.2      2.5     8.1       0.8      2.2     3.0      11.1
1981         1.2       1.8      3.1     6.3       0.0      0.5     0.5       6.8
1982         3.2       2.6      6.8    12.5       0.4      0.7     1.1      13.6
1983         1.8       1.6      3.5     6.9       0.2      2.4     2.7       9.6
1984         1.4       0.6      1.6     3.6       0.2      0.5     0.7       4.3
1985         0.46      0.35     1.08    1.90      0.08     0.13    0.21      2.11
1986         0.56      0.40     0.38    1.35      0.25     0.06    0.32      1.67
1987         1.08      0.73     0.74    2.54      0.47     0.22    0.68      3.22
1988         1.44      0.65     0.83    2.92      0.90     0.79    1.70      4.62
1989         4.80      0.97     1.48    7.25      1.58     1.68    3.27     10.52
1990         1.44      0.75     1.66    3.85      0.45     0.20    0.65      4.50
1991         2.92      1.52     2.17    6.61      0.84     0.69    1.53      8.14
1992         2.27      1.47     2.30    6.03      0.94     0.38    1.32      7.36
1993         4.62      1.99     3.60   10.22      1.35     3.03    4.38     14.60
1994  1.55      1.42     2.47    5.44      0.11     0.40    0.51      5.95
1995         1.88      1.11     1.93    4.92      0.57     0.13 3   0.70      5.62
1996         2.59      1.97     3.40    7.96      1.13     0.86    1.99      9.96
1997         2.37      2.27     3.94    8.59      0.60     0.84    1.44     10.03

Li mit s2

Lower        0.3       0.1      1.7     2.7       0.0      0.0     0.0       2.7
Upper        4.5       4.4      6.2    14.4       1.7      2.1     3.8      17.4
±%          88        96       56      68       184      154     166        73

1   Carapace length (mm); categories reflect smaller average size in theNorthernDistrict; 80mm is themedian

size atmaturity for females.
2   Mean ± 2 standard errors formost recent year.
3   This estimate considered unreliable because few crabs caught.
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Tanner Crab

EasternDistrict

FIGURE 8. U.S. landings in millions of pounds, CPUE as crabs/pot, and the abundance of largemale Tanner
crab (C. bairdi) in millions in the Bristol Bay and Pribilof Districts (prior to 1989) or the Eastern
District (since 1989), estimated fromNMFS trawl surveys.

quencies does not indicate an increasing or
decreasing trend in abundance.

The index of legal males (3.94 million) is
considerably above the long-term average of
2.29 million. Among legal males, 18% were
softshell, 53% were new-hardshells, and 29%
oldshells. The index for large females (≥ 80
mm cl) is poorly determined due to a habitat
preference for inshore, rocky anduntrawlable
grounds. Only 24 mature females were cap-
tured.

The 1997 fishery opened on September
15 with GHL of 5.0 million lbs, landings of
4.6 million lbs and a CPUE of 11 crab/pot-lift
(Fig. 6). In 1996 3.1 million lbs were landed,
with a CPUE of 7 crab/pot-lift.

Tanner Crab (C. bairdi)

The legal minimum size of 5.5 in cw (spine
tip to spine tip) is equivalent to 138 mm cw
measured between the spines (scientific mea-
sure). The data included in Table 4, however,

define �large� crabs as males ≥135 mm, be-
cause this size has been used for a long-term
index since 1976.

Legal males were sparsely distributed
with regions of highest abundance in
central Bristol Bay (Chart 3 and Table 9). The
abundance index for large (≥ 135 mm cw)
male C. bairdi in the Eastern District (east of
173oW) is 4.2 million crabs (Table 4), of which
3.4 million are legal size (≥ 138 mm cw). Le-
gal crab abundance decreased by 63% rela-
tive to 1996. The abundance index for large
crabs showed adecrease of 66% from last year
(Table 4 and Fig. 8) and is well below the
1976-1996 average (30.8 million). This is the
second lowest abundance of large Tanner
crabs in the history of the survey. About 51%
of the legal crab were located east of 163oW,
and virtually all the legal males occurred in
the EasternDistrict. The abundance index for
pre-recruits (110-134 mm cw) showed a 61%
decrease and the index for small male (<110

14



Tanner Crab Width Frequency

EasternDistrict

FIGURE 9. Size-frequency of male Tanner crab (C. bairdi) in the Bristol Bay and Pribilof
Districts, by 5 mm width classes, 1995-1997.

AAAA
AAAA

AA
AA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA

AAAA
AAAA

AA
AA

AAAA
AAAA

AA
AA
AAAA
AAAA
AAAA

AA
AA
AA

AAAA
AAAA

AA
AA
AAAA
AAAA

AA
AA

AAAAAA

AAAA
AAAA

AAA
AAA

AAAAAA AAAA
AAAA

AA
AA

AAAA
AAAA

AA
AA

AAAA
AAAA
AAAA

AAA
AAA
AAA

AAAA
AAAA
AAAA

AA
AA
AA

AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA

AAAA
AAAA
AAAA

AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA

AAAA
AAAA
AAAA

AA
AA
AA
AAAA
AAAA

AA
AA

AAAA
AAAA

AA
AA
AAAA
AAAA

AAA
AAA
AAAA
AAAA

AA
AA
AAAA
AAAA

AA
AA

1 9 9 7

0

2

4

6

8

1 0

1 2

0 25 50 75 10
0

12
5

15
0

17
5

20
0

C a r a p a c e  W i d t h  ( m m )

P
op

ul
at

io
n 

In
de

x 
(M

ill
io

ns
) V . O l d

AAAA
AAAA O ld

AAAA
AAAA
AAAA N e w - H a r d

S o f t  &  M o l t i n g

AAAA
AAAA

AAA
AAA

AAAA
AAAA
AAAA

AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA

AA
AA
AA

AAAA
AAAA

AA
AA
AAAA
AAAA

AAA
AAA

AAAA
AAAA

AA
AA
AAAA
AAAA

AA
AA

AAAA
AAAA

AAA
AAA
AAAA
AAAA

AA
AA
AAAA
AAAA

AA
AA

AAAA
AAAA

AA
AA

AAAA
AAAA

AA
AA

AAAAAA

AAAAAAA

AAAAAA

AAAAAAA

AAAAAAA

AAAA
AAAA

AA
AA AAAAAA

AAAAAA

AAAAAAA

AAAA
AAAA
AAAA

AA
AA
AA

AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA

AAAA
AAAA
AAAA

AA
AA
AA

AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA

AAAA
AAAA

AA
AA
AAAA
AAAA

AA
AA

1 9 9 6  

0

2

4

6

8

1 0

1 2

0 25 50 75 10
0

12
5

15
0

17
5

20
0

C a ra p a c e  W id th  (m m )

P
op

ul
at

io
n 

In
de

x 

(M
ill

io
ns

)

V .O ld

AAA
AAA
AAA O ld

AAA
AAA
AAA N e w - H a r d

S o f t  &  M o lt in g

AAAA
AAAA
AAAA

AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA

AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA

AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA

AAAA
AAAA

AA
AA

AAAA
AAAA

AA
AA
AAAA
AAAA

AAA
AAAAAAAAAA

AAAA
AAAA

AA
AAAAAAAAAAAAAAA

AAAA
AAAA

AA
AA

AAAAAA

AAAAAA
AAAA
AAAA

AAA
AAAAAAA
AAAA

AA
AAAAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA

AAAA
AAAA
AAAA

AAA
AAA
AAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AA
AA
AA
AA
AA
AA
AA
AA

AAAA
AAAA
AAAA
AAAA
AAAA
AAAA

AAA
AAA
AAA
AAA
AAA
AAA

AAAA
AAAA
AAAA

AA
AA
AA

AAAA
AAAA

AA
AA
AAAAAAA

1 9 9 5  

0

2

4

6

8

1 0

1 2
0 25 50 75 10
0

12
5

15
0

17
5

20
0

C a ra p a c e  W id th  (m m )

P
op

ul
at

io
n 

In
de

x 

(M
ill

io
ns

)
V .O ld

AAAA
AAAA
AAAAO ld

AAAA
AAAA
AAAAN e w - H a r d

S o f t &  M o lt in g

15



TABLE 4. Annual abundance estimates (millions of crabs) for Tanner crabs (C. bairdi) from
NMFS surveys. Data since 1988 are for Eastern District; all prior data for
Bristol Bay and the Pribilof Disticts; both areas contain virtually all legal
males.

                                             Males Females

Small Pre-rec Large Small Large

Size1(mm)     <110    110-134    > l35                     <85       > 85    Grand
Width(in)     <4.3    4.3-5.3    > 5.3   Total     <3.4      > 3.4    Total Total

1976       180.2     136.6    109.5   426.3    174.7     220.4   395.1     821.4
1977       255.0     116.3     92.1   463.4    328.4     215.8   544.2   1,007.6
1978       124.2      81.2     45.6   251.0    116.1      73.3   189.4     440.4
1979       133.1      47.7     31.5   212.3    122.6      42.1   164.7     377.0
1980       453.3      65.0     31.0   549.3    326.9     106.8   433.7     983.0
1981       303.8      24.0     14.0   341.8    324.2      79.1   403.3     745.1
1982        88.8      46.9     10.1   145.8    126.4      83.6   210.0     355.8
1983       146.3      32.0      6.7   185.0    180.1      45.4   225.5     410.5
1984        85.1      21.2      5.8   112.1    107.0      33.4   140.4     252.5
1985        31.1       9.4      4.4    45.0     24.2      15.6    39.8      84.8
1986       110.4      12.9      3.1   126.4     68.2      13.7    81.9     208.3
1987       229.9      19.6      8.2   257.8    192.4      35.5   227.8     485.6
1988       287.3      59.7     17.4   364.4    184.8      81.0   265.8     630.2
1989       403.0     102.2     42.3   547.5    338.6      63.8   402.4     949.9
1990       286.1      78.8     53.7   418.6    266.5      97.4   363.9     782.5
1991       267.2     105.4     45.5   418.1    232.1     116.8   348.9     767.0
1992       121.0     101.9     52.6   275.5     98.9      63.9   162.8     438.3
1993        76.6      63.4     27.7   167.7     57.6      29.6    87.2     254.9
1994        47.9      38.6     20.0   106.6     57.9      27.5    85.4     192.0
1995        40.4      32.4     13.3    86.1     66.6      37.2   103.8     189.9
1996        52.6      23.5     12.5    88.5     59.3      27.7    87.1     175.6
1997        65.6       9.1      4.2    78.9     70.1      10.0    80.1     159.0

 Limits 2

 Lower      34.8       6.6      2.6    47.4     30.1       6.3    39.2      86.6
 Upper      96.5      11.6      5.8   110.5    110.0      13.7   120.9     231.4
 ±%         47        27       38      40       57        37      51        46

1   Carapacewidth (mm).
2   Mean ± 2 standard errors formost recent year.
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mm cw) showed a 25% increase. A strong co-
hort of crabs which recruited to the fishery
in 1988-1992 has declined due to natural mor-
tality and fishery removals. Low abundance
of males in the 50-115 mm cw range (Fig. 9)
suggests that this population will continue to
decline for several years.

As this population ages, the proportion of
oldshell and very oldshell crabs has increased
and that of newshell crabs decreased. Among
legal males, <1% were molting or softshell,
5% were new-hardshells, and 95% were
oldshells. Old shelled crab are not expected
to molt again in their life spans. Abundance
of legal males will continue to decline over
the next few years for this reason as well.

The abundance index of large (≥85mm cw)
females (all districts) showed a 64% decrease
and the abundance of small (<85mm) females
showed a 20% increase from last year. Large
females are at their lowest abundance in the
history of the survey. Among sampled

mature females, 3%were softshells; 24%were
new-hardshells, of which 78% carried new
eggs, and 73% were older shells, of which
54% carried new eggs. About 8% of mature
females sampled had not completed hatch-
ing by the time of the survey.

In 1996, despite a GHL of 6.2 million lbs,
only 0.9million lbs of Tanner crabwere caught
during the Bristol Bay red king crab fishery
and 0.9 million lbs were taken in the directed
fishery west of 163oW. The 1996 CPUEwas 5
crab/pot-lift (Fig. 8). The fishery was not
opened in 1997 due to low abundance and
poor performance of the 1996 fishery.

Snow Crab (C. opilio)

Although the legal minimum size limit for
C. opilio is 3.1 in cw (78 mm), processors cur-
rently prefer a minimum size of 4.0 in cw
(102 mm) and the mean size taken in the fish-
ery is slightly above 110 mm cw. Therefore,
the size ranges for male C. opilio used in this

Snow Crab

AllDistricts

FIGURE 10. U.S. landings in million of pounds, CPUE as crabs/pot, and the abundance of largemale snow
crab (C. opilio) in millions (all districts combined), estimated fromNMFS trawl surveys.
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Hair Crab

AllDistricts

FIGURE 12. U.S. landings in millions of pounds, CPUE as crabs/pot, and the abundance of legal male hair crab
(E. isenbeckii) in millions (all districts combined), estimated fromNMFS trawl surveys.

report are defined as follows: small, <4 in
(102mm); large, ≥4.0 in cw (102mm); and very
large ≥4.3 in cw (110mm). Estimates of abun-
dance of large males (≥4.0 in) are not shown
prior to 1984 (Table 5 and Fig. 10) due to dif-
ferences in area surveyed and minimum size
landed.

The distribution of large males showed an
area of high concentration extending north
and east from the Pribilof Islands (Chart 4
and Table 10). The abundance index for large
(≥102 mm cw) males (Eastern and Western
Districts combined) is 306million crabs (Table
5), and represents a 78% increase from last
year. This is well above the 1984-1996 aver-
age of 186.8 million.Approximately 91% of
thesewere in the EasternDistrict as compared
to 87% in 1996. Small males (<102 mm cw)
showed a 45% decrease due to growth into
the large size category and apparent lack of
recruitment into the smallest size groups. The
abundance index for large females (≥ 50 mm

cw) showed no change.
The abundance of large males decreased

from 1991-1995 due to natural mortality and
fishery removals. However, good recruit-
ment has occurred in the last few years and a
largemode in the size-distribution entered the
fishery in 1996 (Fig. 11), the result of a strong
year class that probably hatched in the period
1988-1990. Continued recruitment to the
large size category should offset losses due
to fishing and mortality in 1998. This growth
should lead to a stable or increased abun-
dance of large males next year but the lack of
very small crabsmay indicate declining abun-
dance over a longer term.
Among largemale crabs, 38%were inmolt-

ing or softshell condition, 52% were new-
hardshells indicating a recent molt, and 10%
were oldshells. Among sampled mature fe-
males, 19% were new-hardshells, of which
99% carried new eggs, and 80% were old-
shells, of which 89% carried new eggs. These

18



Snow Crab Width Frequency

AllDistricts

FIGURE 11. Size-frequency of male snow crab (C. opilio), all districts combined, by 5 mm
width classes, 1995-1997.
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TABLE 5. Annual abundance estimates (millions of crabs) for eastern Bering Sea snow
crabs (C.opilio) from NMFS surveys (all districts combined).

    Males Females

Small Large V. Large Small Large

Size1(mm)          <102     > 102    > 110                <50     > 50     Grand
Width(in)        <4.0     > 4.0    > 4.3   Total      <2.0    > 2.0    Total Total

 1982            *       *     21.7    2073      403     2256     2658       4732
 1983            *       *     22.1    1858      673     1228     1913       3771
 1984          1237     153    73.9    1391      611      582     1192       2583
 1985           548      75    40.7     623      258      123      382       1004
 1986          1179      83    45.9    1262      791      422     1213       2475
 1987          4439     151    70.0    4590     2919     2929     5849      10439
 1988          3467     171    90.1    3638     1235     2323     3558       7194
 1989          3646     187    81.2    3833     1923     3791     5713       9547
 1990          2860     420   188.7    3281     1463     2798     4261       7542
 1991          3971     484   323.0    4455     3289     3575     6864      11319
 1992          3158     256   163.8    3415     2434     1914     4348       7763
 1993          5597     135    77.9    5732     3990     1983     5972      11704
 1994          4282      72    39.9    4354     3418     1674     5092       9446
 1995          4087      69    30.9    4156     2090     2409     4500       8655
 1996          2700     172    64.8    2872     1189     1364     2553       5425
 1997          1491     306   160.9    1797      928     1383     2311       4108

East(%) 2         55      91     93       61       20       22       21         39

Li mit s3

Lower          1193     220   101.3    1473      427      844     1410       2883
Upper          1789     391   220.4    2120     1429     1922     3212       5332
±%               20      28    37        18       54       39       39         30

1    Carapacewidth (mm).
2   Proportion of size group in Eastern District.
3    Mean ± 2 standard errors formost recent year.

* Estimates not available at present time.
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numbers indicate that hatching and extrusion
were nearly completed by the time of the sur-
vey.

The GHL for 1998 has been set at 234 mil-
lion lbs of large crab (≥4.0 in cw) of which 8.2
million lbs has been set aside for the new
Community Development Quota. The fish-
ery will open at noon on January 15. In 1997
the GHL was 117 million lbs, landings were
119million lbs and the averageCPUEwas 133
crab/pot-lift (Fig. 10).

Hair Crab (Erimacrus isenbeckii)

Hair crab are widely scattered across the
EBS (Chart 5 and Table 11). Historically, ar-
eas of concentration have existed just north
of the Alaska Peninsula and near the Pribilof
Islands. We have never found many female
or small male crab during the survey and
hence, have little understanding of their dis-
tribution.

The abundance index for large male hair
crabs declined from 1981-1992 but increased
from 1992 to 1996 (Fig. 12). The current index
of 5.91million total males (Table 6) represents
a 30% decrease during the past year and is
below the 1980-1996 average (8.2 million).
The abundance index of 4.3 million large (≥
3.25 in cw) males is 11% lower than last year.
The abundance index of total females shows
a decrease of 68% from last year, but is unre-
liable and based on capture of only 17 crabs.

Size-frequency data (Fig. 13) indicate that
the large cohort first seen in 1989-90 has ma-
tured and is now decreasing. Changes in
abundance indexes of hair crab are difficult
to interpret due to patchy distribution, bury-
ing habits, inshore distribution and suspected
variability in catchability between years. Fur-
ther, changes in fishery practices andmanage-
ment over the time series decreases the
usefullness of correlations between fishery
and survey data (Fig. 12). Forty-six percent
of males and 88% of females were new-
hardshell crabs.

The directed fishery for hair crab in the
Pribilof Islands has no statutoryminimum le-
gal size regulation, so we have defined large

crabs as those larger than a minimum size of
3.25 cw that has been specified as a condition
of permits during recent years. Currently,
there are an estimated 4.1 million lbs of large
male crab in the Pribilof District. A GHL of
0.8 million lbs was set for the Pribilof Dis-
trict in 1997. In 1996, 0.7million lbswere taken
by 21 vessels with CPUE of 1.3 crab/pot-lift.
Preliminary information indicates that the
1997 fishery will produce slightly less than
the GHL.

Acknowledgements
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pendent on the skipper and crews of the par-
ticipating vessels. We wish to extend a spe-
cial thanks to Glenn Sullivan andKurt Vedoy
of the F/VArcturus andKennethDisrude and
Norman Bakken of the F/VAldebaran and their
crews.

21



Hair Crab Length Frequency
AllDistricts

FIGURE 13. Size-frequency of male hair crab (E. isenbeckii), by 5 mm length classes,
1995-1997.
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TABLE 6. Annual abundance estimates (millions of crabs) for hair crab (E. isenbeckii) from
NMFS surveys.

                                                    Males Females

Small Large

Size1 (mm)            <83       > 83       Grand
Width (in)       <3.25     > 3.25     Total                       Total Total

1980             2.03     14.86      16.89            2.62                19.52
1981             2.84     14.32      17.16            0.87                18.03
1982             0.54      8.07       8.61            0.42                 9.03
1983             0.24      4.39       4.63            0.83                 5.46
1984             0.73      3.32       4.06            0.51                 4.56
1985             0.30      2.56       2.86            0.26                 3.12
1986             0.68      1.82       2.49            0.38                 2.87
1987             1.59      1.35       2.93            0.89                 3.83
1988             3.01      0.87       3.88            0.86                 4.74
1989            11.38      1.46      12.84            0.67                13.51
1990            12.99      1.09      14.08            0.92                15.00
1991             4.45      1.27       5.72            1.18                 6.90
1992             2.48      1.17       3.65            0.55                 4.20
1993             9.14      2.64      11.77            1.50                13.28
1994             4.65      3.56       8.21            1.26                 9.46
1995             4.56      6.54      11.10            0.69                11.79
1996             3.56      4.87       8.43            1.05                 9.48
1997      1.57      4.34       5.91            0.34                 6.25

 Limits 2

 Lower           0.80      2.65       3.84            0.12                 3.96
 Upper           2.34      6.04       7.98            0.56                 8.54
 ±%             49        39         35              65                   37

1   Carapace length (mm).
2   Mean ± 2 standard errors formost recent year.
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         Population abundance indices are de-
termined by the �area-swept� method, using
a stratified systematic sampling design. Dis-
tance traveled by the trawl was determined
from positions recorded at the beginning and
ending of the trawl. Area fished (= area swept
by the trawl) was calculated by multiplying
the distance by the effectivewidth of the trawl.
Wingspread on this trawl ranges from 47-58
ft. For consistency with previous reports an
effective width of 50 ft (15.2 m) was assumed.

All stations (grid squares) within a dis-
trict or management area were used for esti-
mating the abundance of each species. Sta-
tions where multiple (corner or repeat) tows
were made were grouped into strata; these
include a block of 12 stations southwest of St.
Matthew Island and 16 stations around St.
Paul Island.

The catch-per-unit-effort (CPUE) was cal-
culated for each station as number of crabs
per square nautical mile. Average CPUEwas
calcuatedwithin eachmultiple tow block and
each management district. Abundance indi-

ces were calculated by extrapolating the av-
erage CPUE of each size/sex group over the
geographic area of each district. Variance and
standard error (SE) of the index were calcu-
lated arithmetically. Confidence intervals
were calculated by adding or subtracting 2
SEs to the population estimate. Note that,
since the data are usually not normally dis-
tributed, variance estimates and confidence
intervals are approximate. Nevertheless,
they are provided in order to indicate the
range of the data relative to previous years�
estimates.

Threshold levels have been established
for certain crab stocks by the Crab Plan Team
of The North Pacific Fishery Management
Council. In accordance with Alaska Board of
Fisheries policy, and the Alaska Department
of Fish and Game�s Management Plan for
Westward Region Crab stocks, such fisheries
will be closed if the abundance index falls be-
low the threshold level.

APPENDIXA

Methods of Estimating Crab Population Size
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APPENDIX B

Crab Shell Condition

All crabs measured in the NMFS eastern
Bering Sea trawl survey are coded as to shell
condition. Shell condition categorizes exosk-
eleton discoloration, scratching andwear, and
fouling by encrusting organisms, and can be
used to estimate the time since a crab has last
molted. The shell condition categories used
in this report and the estimated times since
last molting that they imply are given below:

Molting1: Joints swollen and/or well devel-
oped second exoskeleton present. Crab will
molt within days or is actively molting.

Softshell1: Carapace is still soft and pliable
from recent molt. Crab has molted within
weeks.

New, hardshell: Carapace firm to hard and
lacking scratches,wear, discoloration, and en-

crusting organisms. Crab has probably
molted within the last year.

Oldshell: Usually has at least some scratch-
ing, spine wear. Crab may have darker col-
oration, and encrusting organisms are fre-
quently present. Crab has probably not
molted within the last year.

Very oldshell: Undersides of legs yellowed;
abundant scratches and stains; spines and
claws very worn; encrusting organisms al-
most always present and often abundant.
Time since the lastmolting is almost certainly
greater than one year but not definitely
known.

Very, very oldshell: Shells extensively stained
and usually with extensive cover of encrust-
ing organisims. Time since the last molting
not definitely known.

1Note that in the report, Molting and Softshell categories are frequently combined. The time spanoverwhich these

conditions occur in a crab is only amatter of weeks. A high percentage ofmolting and softshell crabs in a survey
population indicates that the molting season is not yet over.
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